ABSTRACT -There are few studies about the development of a child after a cerebrovascular accident (CVA), and they usually describe problems such as diminishing in intellectual capacities, difficulties in linguistic and visual-motor skills, as well as in spatial organization and integration. In this study, there were 28 children participating, being 14 placed in the experimental group (EG) after clinical diagnosis and ischemic CVA imaging, and other 14 children without past history of CVA, who formed the control group (CG). The neuropsychological research protocol included an intelligence test, a visual-motor coordination test, human figure drawing, a cortical functions battery and the medical records of the children from the EG. The analysis of the results of this study revealed that the best performances after the CVA are related to the shortest time of functional recovery; CG presented better performances than EG in all the instruments used, in cognitive, perceptual and motor skills. It has been noticed that CVA may lead to intellectual reduction in case of a recurrence of the vascular insult.
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Literature shows that studies in the area of neuropsychological research with children who had cerebrovascular accident (CVA) are scarce; however, over the last years there has been a significant increase in studies which take into account neuroradiological and neurosurgerical aspects 1 .
In the few studies on children development after CVA, neuropsychological deficits are described [2] [3] [4] [5] [6] . Armstrong et al. 7 assessed 194 children with sickle cell anemia, amongst whom there were 9 with past history of CVA. These children presented difficulties in linguistic and visual-motor skills, as well as in spatial organization and integration. De Schryver et al. 5 found impaired capacity for solving problems in post CVA children, when compared to the general population. Rodrigues et al. 8 described children with CVA assed evolutionally by Piaget´s clinical method had present a performance significantly inferior when compared to the control group. The sequelae of a CVA during childhood are not yet as widely known as of one during adulthood; however, the more studies there are in the area, the more details shall be discovered, favoring professionals involved in the rehabilitation of such children 9 . Based on the neuropsychological theory and specific assessment instruments, this study aimed at drawing up a neuropsychological profile of a group of children with past history of CVA.
METHOD
Twenty-eight children participated in this study; 14 of them belonged to the experimental group (EG) with both clinical and imaging diagnostic of ischemic CVA. Children with vascular problems related to brain-skull trauma and associated to genetic syndromes were excluded. The other 14 children were placed in the control group (CG), paired according to gender and age to the EG, and besides not having a past history of CVA or another neurological problem, they presented appropriate academic performances. Two public schools of the region of Campinas (Brazil) were chosen by simple random draw, the children were selected by the pedagogue and the teacher, whose criterion was a good performance according to the grade.
The participation of each child in both groups was authorized by parents who agreed with the research by signing a Free Consent Agreement Form approved by the Ethical Committee on research of the Faculdade de Ciências Médicas (FCM) of the Universidade Estadual de Campinas (UNICAMP).
Based on the protocol for neuropsychological research on cerebrovascular disease, the following instruments were used: the medical records of each child from the EG belonging to the Clinical Hospital (CH) of UNICAMP; the Wechsler Intelligence Scale for Children -WISC 10 ; the Visual-Motor Gestalt Test 11 , the Luria-Nebraska Battery (LNB) 12 and the Test of human figure drawing.
RESULTS
In order to form the EG a total of 35 children were assessed -who according to inclusion and exclusion criteria were or were not selected for the study. The EG consisted of 14 children, being 7 males and 7 females; the age ranged from 7 years and 1 month to 14 years and 1 month, with an average of 9 years and 10 months. As for schooling, it ranged from 1 st to 6 th grades, besides special education and no schooling. As the CG was paired according to age and gender to the EG, it was also formed by 14 children, 7 males and 7 females, and with age range during the assessment period of 7 years and 5 months to 14 years and 2 months, with average age of 9 years and 11 months. Schooling ranged from 2 nd to 8 th grades. The results of the study with the total 28 children were organized in a way that relations among the instruments used as procedure of this work and also between both groups (EG and CG) could be demonstrated.
The data from the EG children (Table 1) refer to the information obtained from the medical records at the Clinical Hospital -UNICAMP, showing that the first CVA occurred between the ages of 13 months and 10 years and 6 months, being 2 children during the interval from 0 to 3 years of age; 8 children between 3 and 6 years of age; and 4 in the period from 9 to 10 years of age. There has been recurrence in 4 children. All the children presented ischemic type CVA and 2 of them had a CVA with hemorrhagic transformation. The admission to UNICAMP's Clinical Hospital happened from January of 1991 to November of 2000. Children's age during the assessment ranged from 7 years and 1 month old to 14 years and 1 month old, with average of 9 years and 10 months. The time lag between ages when vascular insult and assessment occurred ranged from 8 months to 7 years and 9 months, revealing an approximate average of 4 years and 4 months, being 9 of the children aged under the average in the period of assessment and 5 above.
At the time of the vascular insult occurrence, the clinical symptoms presented were: 14 (100%) motor symptoms; 10 (71%) changes in speech; 8 (57%) headache; 5 (36%) vomiting; 4 (48%) generalized convulsive seizure; 3 (21%) fever; 3 (21%) consciousness changes; 3 (21%) somnolence; 4 (48%) visual difficulty (impairment); 2 (14%) sialorrhea; 2 (14%) abdominal pain; and 1 (7%) had other symptoms such as dizziness, diarrhea and hypertension. Table 2 presents information from the imaging exam and neurological evolution after vascular insult. Brain injury in the left hemisphere was found in 7 (50%) of the cases; in the right hemisphere in 5 (36%) and in both hemispheres in 2 (14%) of the cases. In 6 of these cases, the subcortical area was affected, being 2 cortical, 5 cortical-subcortical and 3 in the brain stem. The neurological examination presented alterations in 11 subjects and was normal in the other 3 children, and it was also found right hemiparesis in 6 children, left hemiparesis in 4 subjects and left hemicorrhea in only one child. As for the cognitive assessment (WISC) of the EG, the following classification was obtained for intellectual quotient (IQ): one child at the superior intelligence range; one child at the high average intelligence range, 6 at the average intelligence range, 2 children at the low average range, 2 children at the borderline deficiency range and 2 children with results which were compatible to mental impairment.
The following is the CG classification for IQ: 1 child at the very superior intelligence range, 1 child at the superior range, 1 child at the high average range and 11 children at the average intelligence range. These results are organized in Table 3 . Figure 1 shows a comparison of the WISC results from both groups, which reveals an inferiority of the responses of EG over CG. This datum was expected since in the first group there are children with intellectual reduction.
The results of the perceptive motor development of the EG in the Gestaltic visual-motor test (Bender) were obtained under two correction systems, known as Santucci and Koppitz. Based on the results, the data were grouped together according to the correction system as follows.
The scores obtained through the Santucci system 13 were: 8 (57.1%) children presented average perceptive motor development, 5 (37.7%) had inferior performances and 1 (7.1%) child had a score above the average for his chronological age. While in the Koppitz system 14 -11 (78.5%) children reached the average and 3 (21.4%) presented perceptive motor maturity below average. There was predominance of difficulty in the shape inversion item, followed by rotation, integration and perseverance.
The CG presented the following results, which also refer to gross scores from the two correction systems of the Bender test. The perceptive-motor development of this group shows the following pattern: in the Santucci system -8 (57.1%) children with average development; 4 (28.5%) above the average and 2 (14.2%) with perceptive development below the expected for the age. And in the Koppitz, 14 (100%) of the children presented average pattern for perceptive-motor development. Rotation was the most difficult item, followed by shape inversion, integration and perseverance.
In both groups, there has been a concurrence of 85.7% in the correction systems used.
The correct marks obtained in each function of the LNB from EG and CG were transformed into percentage of correct marks, as it may be noticed in figure 2, comparing both groups. As for the statistical analysis, significative results from CG over EG were found in the following functions: motor skill, tactile skill, writing, reading and memory.
The following results refer to conceptual maturity of the human figure drawing for both EG and CG population. For the EG the percentile variation ranged from 1 to 100 while in the CG it ranged from 22 to 100, increasing in this way the classification of the CG over the EG.
The following classificatory distribution was found in the EG: 2 (14.2%) much superior performances; 1 (7.1%) superior score; 3 (21.4%) above average; 4 (28.5%) average performances, 2 (1.2%) borderline performances and 2 (1.2%) with impaired performances.
While in the CG the following data were found: 3 (21.4%) much superior scores; 5 (35.7%) superior scores; 1 (7.1%) above the average performance; 4 (28.5%) average performances; and 1 (7.1%) borderline performance regarding the maturity of the human figure drawing.
DISCUSSION
CG's superior performance in the LNB was significant in the following functions: motor and tactile skills, writing, reading and memory. The motor sequelae in the EG altered the capacity for both global and fine motor coordination, what hindered successful performances in such activities. There was no direct relation between the worst performances and cognitive capacity but with motor difficulty, more specifically with the hemiparesis condition.
As for the tactile skill both groups presented significant differences. The left-right domain, mediated in this test, showed the maturity function to be delayed, and according to Le Bouch 15 the stabilization of the lateral function occurs between 6 and 8 years of age. The statistical significance of CG over EG for writing and reading skills can be justified by factors such as: difficulty in management of the learning-teaching process by both parents and teachers; longer schooling time of the CG and intellectual reduction of the EG.
There was difference between EG and CG in relation to memory ability, mainly in the exercise of immediate auditory memory (word), which made it possible to correlate the results of this test to the digit span subtest, and EG presented low scores in both tests. Regarding neuropsychological mechanisms of memory organization, Barbizet and Duizabo 16 reveal that the verbal information quantity (verbal or visual span) which the individual is able to memorize after a single exposition is limited. This capacity demands the integrity of functional areas; immediate memory is decreased constantly in cases of damaged cortical areas.
In the works of Lefèvre 17 and Tabaquim 18 with children, the first related to Moyamoya disease and the second about hemiparethic cerebral palsy and learning disorders, the similarity subtest was the one that presented the best performances. The same thing may be observed in both groups of this study; this subtest demands conceptual thought capacity and it is less influenced by social or formal education than other verbal subtests 19 .
The intellectual deficit found in the EG of this study is superior when compared to the general population; however, these indexes may not be considered permanent, once the capacity of cerebral reorganization was clearly observed, and adding to this conclusion, there is the fact that remarkable changes in IQ are common in pediatric age groups 20 , as well as in all age groups.
Vargha-Khadem 21 reported that cognitive reduction is more common when the CVA occurs between the ages of 2 and 4 years old, but at this present study this finding was not confirmed. Cognitive reduction occurred in children who had CVA between the ages of 5 and 7 years old, which can have been influenced by repetition of the vascular condition.
By analyzing the subjects with intellectual reduction, some variations as for the performances within each instrument may be noticed. However, there were constant low scores in the tests, suggesting that the CVA recurrence can be quite destructive to cerebral tissues, which makes it difficult for reorganization to occur. Still on the recurrence of vascular insult, for subject S9, at the time of the insults, the abstraction functions (mathematics, reading and writing) were already grouped together and there were no significant losses after the CVA, differently from subjects S10, S12 and S13 (with injury in the left hemi-sphere) who had not acquired yet or were still in process of acquisition of these functions.
According to Wood et al. in Oliveira 22 between the ages of 5 and 8 years old, the left hemisphere becomes more specialized for language, regarding the development of reading and writing functions. Pitchford also cited by Oliveira 22 presented a five children study with CVD in the left hemisphere, being that two of them were in pre-school age. Damage in verbal performance with signs of reading and writing difficulty was observed. For Luria 23 the damages are greater when there are lesions in the primary area, yet lesions of secondary areas imply participation of other functional circuits for functional recovery.
Bender's constructive visual task, through perception and responses to stimuli, does not constitute a simple process, but involves neuropsychological aspects of cerebral functioning 15 . The performance (EG) in the gestaltic visual-motor test, in both correction systems, revealed that reception, integration and expression of information were being processed appropriately.
Antunha 24 explains that the development of internal image of one's own body results from the somesthetic projection (somesthetic and parietal-occipital cortices). In this test, human figure drawing, a good performance was observed in the EG, but it was noticed that the CG has a better group performance, suggesting that both groups present an appropriate representation of body image or scheme.
One aspect that deserves attention is the cognitive performance related to gender. Studies have shown that gender differences change cerebral processing, that is, men and women have different cognitive styles 25, 26 .
It may be observed that in this study it was possible to form EG with seven girls and seven boys. Through their performances as a subgroup, the females are found with two individuals presenting cognitive performances that are compatible to borderline deficiency and mental impairment. While the males present only one borderline deficiency individual. Another important point is the fact that the female subgroup presents more individuals with CVA recurrence in relation to the male one, a 3:1 ratio.
A valuable analysis of the relation between gender and abilities in the population studied here is considered to be impracticable due to cognitive reduction observed in the female subgroup of the EG. Such finding affects the performances of this subgroup incisively. Nevertheless, it may also be noticed that in this study the females with a past history of vascular insult present greater possibilities of intellectual reduction and CVA recurrence.
In this study, 4 years and 4 months was the average time span between vascular insult and assessment. It was not possible to establish stronger strictness for the control of this variable due to the low number of casuistic. Out of five children who presented above the average performances only one showed borderline cognitive performance, while the others had normal variation of intelligence. As for the other nine children evaluated who were under this average, two presented evolution with intellectual performance compatible to mental impairment, borderline deficiency and the others with normal variation of the cognitive capacity. Moreover, four children had a recurrence of the vascular insult.
In summary, it may be suggested that the children who were assessed above the average of 4 years and 4 months after the CVA had better cerebral reorganization in response to the lesion, revealing more adaptative cognitive and behavioral resources. However, it must be observed that for the children who were assessed under this average the recurrence factor denotes the severity of cerebral damage, once the repercussion of the lesion impact seems to diminish possibilities of plasticity, which may be noticed from behavioral expressions that are or are not in accordance with the age group to which the child belongs. Mello and Muszakat 27 reveal that a developing brain is less vulnerable to the effect of a lesion. The present study shows the importance of specific evaluations in groups of post-CVA children, because neuropsychological deficits which hinder the individual's satisfactory development were found. The parameters of a child development after a CVA are still being grounded, yet it is believed that some contributions in order to reach them could be substantiated in this work.
